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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(a) On-axis illuniination: 
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FIG. 4A 



(b) Off-axis illiiniinatiori : ■ : • 




FIG. 4B 



Aerial image at best focus 
134 run pitch, 6% Att PSM, 67 run contact width 
Quadrupole illumination, unpolarized light, C 0 =0.50, =0.65 



NILS =1.55, NILS^ -1.49 




FIG. 5 



Infinite contact array imaged with quadrupole illumination and 
radial/tangential polarization ("Scalar" reticle diffraction model) 
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FIG. 6 



Aerial image at best focus 
134 nm pitch, 0 6% Att PSM, 67 ran contact width 
Quadrupole iUununation, radial polarization, ^=0.80, C 2 =0.55 




FIG. 7A 




FIG. 7B 



Aerial image at best focus 
125 nm pitch, 6% Att PSM, 75 run contact width 
Quadrupole illumination, unpolaxized light, C =0.35, C =0.61 




FIG. 8A 




FIG. 8B 



Aerial image at b e st fo cus 
125 nm pitch, 6% Att PSM, 75 nm contact width 
Quadrupole illumination, radial polarization, 0^053, Cy=0.51 




FIG. 8C 



Resist image at best focus 
100 nm pitch, Chromeless PSM contact holes 
Quadrupole illumination, unpolarized lightC 0 =0.67 9 C^, =0.80 




FIG. 9A 



Resist image at best focus 

100 nm pitch, Chromeless PSM contact holes 
Quadmpole illumination, tangential polarization, C =0.44, C =0.61 




FIG. 9B 




FIG. 9C 



Resist image CD vs. pitch : .'."V >• 

Variable pitch Ghromeless Phase Masks 
Cartesian 0 .9/0.1 quadrupole iUumination, 0.93 N A/ Radial polarization 
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FIG. 11 A 



•: ... . • Resist image. NILS vs. pitch.'- . : •' .' •; ••; .• \ 
G artesian 0.9/0.1 quadrupole illumination, 0 .93 N^ J^ polarization 
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FIG. 11B 
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FIG. 14A 



Resist image at best focus, n=1.7S 
125 urn pitch, 6% Att PSM, 67.5 nm contact width 
Quadrupole illumination, tangential polarization, C G =0.7S, ==0.58 




FIG. 14B 



Resist image at best focus, n=1.7S 
125 nm pitch, 6% Att PSM, 67.5 ran contact width 
Quadrupole illumination, radial polarization, C 0 =0.69, C 45d =0.70 




FIG. 14C 




FIG. 16 



(a) On- axis illumination, Chromeless mask: 
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FIG. 17A 




FIG. 17B 



Aerial image at best focus 

100 nm pitch, Chromeless PSM 
Quadripole illumination, radial polarization, C 0 =0.9P, =0.99 




FIG. 18A 



Resist image 
100 run pitch Chromeless PSM 
Quadrupole illumination, radial polarization, C 0 =0.94, C 45d =0 ; 97 




FIG. 18B 



Aerial image at best focus, variable pitch, chromeless 
alternating PSMs 



200-nm pitch 



300-ran pitch 



Aerial image at best mcus 
200 nm pitch, Chromeless PSM contact holes 
C-Quadropolo [nomination, radial polarization, C^ O.W, 
NILS =3-3-5, NILS =3.89 




Aerial image at best focus 
300 run pitch, Chromeless PSM contact holes 
C- Qua drop ole illumination, radial polarization, C^0S>4 t C~=0SM 
mLS~3J03, NILS^.81 
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400-nm pitch 



500-nm pitch 



400 nm pitch, Chromeless PSM contact holes -■. k 500 am pitrlv Cnron PSM contact holes 

C-Quadropole iUoniiiwition, radial polarization, C,=0.95. ^=0.94 C-Quadropole illumination, radial polarization, C=QJ>6. C^JPS 

^ ^ HILS r -331,f»US,-2 14 



NILS J =335 > NILS «3,j^g 




600-nm pitch 



1000-nm pitch 



Aerial image at best fbcus 
6iK) rm> pitch, Chromeless PSM contact ho lev 
OQuadropole flluraination, radial polarization, C=0£>3, C=0S>5 
NILS =332, NILS =3.13 
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Aerial image *i l>v$t sbrus 
1 000 suns pitxh, Chromelesf PSM rnntari holes 
C Quadrupole Qlumirotion, radial polarization, (^=0.95. C^037 
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FIG. 19 



Aerial image NILS vs. pitch 
■■ > ^f ■ .. -.v .Chromeless Phase Masks* : V 

Cartesian 0.9/0.1 quadrupole illumination, 0.93 ;NA, Radial polarizatic 
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FIG. 20A 



' • • , Aerial image CD vs. pitch . ; :.. .. . . s 

Variable pitch Chromeless Phase Masks :f:>>" ; : 
Cartesian 0 .9/0 .1 quadrup ole illumination, 0 .93 N A, Radial p olarization 
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FIG. 20B 



p| ! ft: ' ' 



3 :^ ,; fi J ^ ,t 

11M 1 

* 1 TON 




to 




mm 





:::: ^l^P 1 




mm 




O 




FIG. 22 



Aerial image at best focus, 13.4 nm wavelength, 0.25 NA 
100 nm pitch Binary mask, 50 nm contact width 
Conventional 0.6 PC, unpolarized light, C 0 =0.98, C^^QS? 




FIG. 23 



